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STATUS OF RESEARCH INTO MGHTNING EFFECTS ON AIRCUAE'I' 

J. A. Plumcr 
General PUcctrlc* Company 

SUMMARY 

Developments in aircraft lightning protection since 1938 arc briefly noted. Poten- 
tial liip^tning problems resulting from present trends towaixl the use of electronic con- 
trols and composite structures are discussed, along with presently available lightning 
test procedures for problem assessment. The validity of some procedures is being 
questioned because of pessimistic results and design implications. An in-flight meas- 
urement program is needed to provide statistics on lightning severity at flight altitudes 
and to enable more realistic tests, and operators are urged to supply researchers with 
more details on electronic components damaged by lightning strikes. A need for review 
of certain aspects of fuel system vulnerability is indicated by several recent accidents, 
and specific areas for examination are identified. New educational materials and stan- 
dardization activities are also noted. 

INTRODUCTION 

The widespread concern about the effects of lightning on transport aircraft was per- 
haps first evidenced by the formation in 1938 of the subcommittee on lightning hazards 
to aircraft of the National Advisoiy Committee for Aeronautics (NACA). 'llils com- 
mittee numbered among its members some of the most prominent flight safeU , weather, 
and lightning experts of the day. Among the latter was Dr. Karl H. McEachron. then 
director of research at the General Electric Iligji X’oltage l.aboratory. who pei'formed 
for the committee the first man-made lightning tests on aircraft parts juid structures. 
During the later part of this committee’s 12-year existence other org:mizatlons such as 
the U.S. National Bureau of Standards, the University of Minnesota, and the l.ightning 
and Transients Research Institute (LTKl) also begain to conduct resea ri-h into lightning 
effects on aii'craft. Much of this research was sponsored by the .N.\C.\ .and its suei'cs- 
sor the National Aeronautics tmd Space Administration (N.\S.\). along with llu- l-Vdeial 
Aviation Administration, the U.S. .Mr Force and Navy, iuid airer.dt manufaetureis ;uui 
operatoi’s. 

For a long time the physical damage at the point of flash attachment to the aircraft 
was of primaiy concern. Typical of the damage were holes l)umed in inetalli*’ .si. ins. 
puncture or splintering of nonmetallie structures, luid welding or txnighening of movable 


337 


I 


I 




hinges and bearings. 'iTie ignition of the fuel wan of partieular eoneern, as was the 
pwblcm of conduction of lightning (-urrent (iii i*etly insi«le the aireraft via long-wire an- 
tennas. A consideralile amount of rcse.areh was .also dlrta-led toward its effects on peo- 
ple, such as flash blindness .and electric shock. 

The early rescareh led to the development oi protective devi<*es, bicluding fuel 
filler caps, which will not spark when struck by lightning: lightning arresters, which 
safely conduct lightning currents £ix»m antennas to the airframe; div<‘rtcr bars and 
tapes, which minimize punctures of radomes; and static dischargers, which reduce 
electromagnetic interference in communications systems. 

In 1963 the fuel tanks of a Pan Amcriemi Boeing 707 aireraft exploded in-flight near 
Elkton, Maryland, after a lightning strike. The exact source of the ignition has never 
been established, but the explosion stimulated further research Into the effects of light- 
ning on fuel systems and fuel tank inerting systems. 'Ihis research has been instrumen- 
tal in the developmtmt of active surge tank protection (STP) systems for extinguishing 
flames Ignited at vent outtets. The incorporation of much of this pi-otcctlon technology' 
into the design of modem transport aircnvft is a principal reason for their present ex- 
cellent safety recoixi in the lightning envli-onment. 

The lightning- safety record is not quite as good for U.S. military aircraft, several 
of which have been lost in recent ycam duo to liglibihig strikes. Tlic military have been 
a traditional proving ground for new technology, ;mtl there atv several concepts reach- 
ing the application stage which may increase potential lightning hazards still fui'ther. 
Fortunately, most of these possibilities ha\c been recognized and efforts are underway 
to develop effective protection. Since some of this new tecluiology will eventually be 
used in commerci.al aircraft, it is appropriate to review recent developments imd iden- 
tify the directions in which aircraft-lightning research should proceed in the future. 


SYMBOLS 

C capacitance of aircraft or lightning Bash to its surroundings. iVm 

Cj^ induced voltage between wi res . \’ 

e., induced voltage between wire and airframe. \’ 

f frccjuency of traveling wave refleidlons at either end ol aireralt. 11/ 

U lightning stroke current, A 

1.1 

L inductance of the lightning current How path in aircraft. II in 

( aircraft length, m 

R radius of electrostatic field, m 
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)i. rcvsint^im e of an alrf t ames i 

M 

V radluB oi lighting cluinnfl, in 

T time* for a Iravollng wave to travel the alreraft length anti baek, b 
t lime, B 

V velocity of traveling wave propagation, m/a 

y> Hurge Impedance, 12 

v'j Internal magnelie lliix prudueed by lightning eiiri’enl. A/m 

c-'y exlemal magjietle flux pixxluctal by lightning euri’ent. A/ni 
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KLKCTIUCAL AND KDKC'THONICS SYSTKMH 


In I'eccnt years it has become apparent that lightning strikes may Indirectly affect 
electronic et|uipment located elsewhere la the alreraft from the |)olnt of lightning attach- 
ment. Examples of this are the hilerfin’cnce or damage to instruments and power dis- 
tribution systems summarized from a sampling of 214 airline lightning strike reports in 
table I. Another example which caused more alarm among safet\ experts was the light- 
ning strike to the Apollo 12 vehicle* which disrupted the command modide power system 
after lift-off. 

The cause of these indirect effects was thought to be the electromagnetic fields 
associated with ligjitning currents flowing through the aircraft. Hescarch (ref. 1) begmi 
in 1967 to determine the coupling mechanisms involved and the potenti.al impact that 
these indirect effects might have on equipment operation and flight safety. Briefly, it 
has been confirmed that, when lightning currents flow through mi aircnift. magnetic 
fields are produced and structural voltage rises occur which couple trmisicnt voltages 
into the vehicle’s electrical wdi'ing (as showm hi fig. 1) . In some cases these voltages 
arc high enough to damage solid-state electronic t*quipment to which the wiring Is con- 
nected. l’nJ.ike other aspects of aircraft design, there are no specifications or stand- 
aixls w’hich say what level of transient voltage •; piece of apparatus must withstand or 
conversely, what levels the tnmsicnt voltages must not be allow’ed to exceed in vehicle 
wiring. Tills incompatibility botW'cen the trmisicnt withstmid capjibilit,\’ of electronic de- 
vices and the trimsicnts to which they arc exposed is not limited to the aerospace in- 
dustry but is one which is appearing to some degree wherever solid-state electronics 
are used, with a wide rmige of unfortunate consequences. 

Some idea of the actual transient voltages that lightning may produce hi an air- 
craft’s electrictil circuit might be obtained by passing siniulatcHl lightning currents 
through an aircraft ;md measurhig the voltages induced. I xlsting generator.-;, however. 
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aru Incapalilf «if foivln/' llir hi)>li m i (H|i tu juo unu :,f : ui i.iii d wiiii ,i 
lightning Htrlki* a i..hI ,, .aiM iah. i\, ii ii j| w, ,-,- 

pOHBlbU.. niOHt ,nvn....s wuul.l, un.l..,' Man.lahls lM..;„a(.. (o all..u O.l.s „uul. rur.a.nf lo be 
paHHecIthi-ouKb their ai.aMall. Th.aa iure, .....ler ,.pea. ... .I.ip ,.| ll.,. NASA Aeroapm-e 
Safety Henear<-h iuid liala ln.-ni|,ii.- a ik.ihI. ■.;( i u. ih (. ,,| ralle.l ihr )|,.|i(ln,., i rauaient 
analy.slH (I/J'A) (ivf. was (l•■vel^|Mal. |ji |, | \ ennviiia as b.u i laoti „f 

that expeeletl In an actual U-.hlaia,, ah iUe are p .sae.l ilMuanl. (he alre.aCt he.u.a.n typi- 
cal llfihtnli>K attaehment poinla. \..||a,.. ' i.wh.ee.l l,,s th. se e.„ reals are (hen linearly 
extrapolated to full-s.-ale lewla, ( oni|,ai is(.a of voKam s iadaee.l la 1,TA and fiiH-aeale 
test currents haxe eoaflrine.l tl.al linea, evl , a,.olallo„ i. valid in .1 sih.ations. 

Typical wirtwi,,_, Vi re .•m,l uir.-(.,.-airf,.uae N.,llar,.v l.l'A test eu r rents 

In a fighter airerall (ref. ;i) wi.v Inaidie are shouit ui liaure J. When :iou ainpe.-e.s w,s 
ImproP-ed upon the al.pbuna (he p.-af, vollaj... ne ,su,vd l.eUveen either wire and the 
airframe was 2. -I volts (left os. illoj.rmui . A linear eM . a,. elation to a severe lighUiing 
stixtUe of 200 000 ampers would ijuliu'e 


( 2 . 1 \) 


200 (lOu A 
200 A 


1000 \ 


bclween those wires :ui(l sirlrnim kj-oujuI ,il |,U'i ]>JJ ll„ voli,,a.- l.olwoon 

the two wires (rlsht osollloBiaml. howovor, oMraiiol.ilos I., onli shout :150 volts 'Hits 
result Ulustrates thobouofit ol Iw.uwl.v luuU.pnulvm ,vhmu vhvults over sii.ukvwlre 
an airframe return. Iho hoiu'ril v.um.s Irom Iho .s„ullrr . livuil loop IlmxiBh which 
magnotle flu.x may pass a.s compa.vcl will. il... „,„bU. „1,v ,„u| alrlramc rclu„,. cm the 

other hand, the hvo-wlro au ll,o,l i ciul.cs mo.c „l,v ;„ul this ,u„v he ua.lrshahlc f.om 
weight and cost standpoints* 

Wether the two-wl.vo, any oil, c.- pivic, iiv. schcmculu, oll.c- ,Hi.allicsl provides 
sufficient protection or is c„ a ,uh rssa.y .,|l ,u.p,.,„|. 

lovele that ma, be mdued and the upset oan.apc levels „r the as.soeialed ele.-tronies 
Because toeU to ealeulale e.speele,l .Is hy auslysls alone arc no, vc, avail- ' 

NAul as the 

NASA h gh Itoeareh Cenler |.-a .llgltal, Ihc Navv - I oehl„.c.l 

^3A antisubmarine uarfaic aire rall. aa.l Ihc I .s.u . ,.eacr:,l iwaamlc |...l,: .Mr Com- 

at Fighter. Lightning trunsivni anahsis ivdmi.iiK.s a,v also heginning lu he used to 

certify new systems being Inslalled on present (ran.purl .divraft. 

A large amount of indueed voltage dal . lias hem uhtai/ie.l I nn,, ll-me I. T \ tests 

Perhaps .eeause diroet eflVets tests on se. lions of ,.n ai.e.aU do, uid. ■. u,., voveni- 

ment specifications arc avaUable) are usually pc rfornu. d ai ,lu. 20o..Kiloampe, c- level 

Uie LTA data have been extrapolated to lids 1. tel le, -le ihi.>- has 
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rcHultcd In alarniln(;ly higli voUaf^t'S bcinf* prodicit'd for somt* tM’ilioul otrcuits* Ah 
might be expeelod, the validil\ of tlu’sc* prerUcUons Is being (|uc>8tloncd by aircraft dev 
signerH who conlinually ask fi'r prooi lliai siuh \'oll:jj!,(‘s in lari orcin^ in flight luid 
whether 200-kiloanipere strikes really <u»(*ur often enough to lu‘ Ihe design level. The 
Increasing relijuu^e on (»lec‘tronies to ptaiomi High! eriticaal functions, as in fly-by-wire 
flight controls without mec hmiical backup, nu‘ans that reliable values must be available 
for design puiposes, sim*e indis(*riminale application of protective shielding and surge 
suppression devices would impose unacc eptable size, weight, and cost penalties. 

Inhere are other aspects of the* induced voltage problem whic^h also arc not well 
understood. For example, ccM tain of Uk‘ indat‘c‘tl voltages bc^ar a clear mathematical 
relationship to Uie lightning ciu renl which causers them. But other voltages, sometimes 
superimposed on the familiar ones (as shown m fig. h), scMun to bear none. Wliile of 
short duration, they are often among the highest voltages measured and thus the deter- 
mining factor in protection decisions. It has been suggested by Usher (ref. 4) that 
these voltages arc induced by traveling cnirrent ^vave reflections excited in the airframe 
when the lightning flash first strikes the aircraft. These reflections would arise bo- 
cause of the probable differences in the surge impeckuice Z of the lightning flash chan- 
nel and the aircraft (fig* 4). The velocity v of the Iravclini; \vnv’cs in the aircraft 
would be that of light, meters per second, and the peric».l of oscillation would be 

proportional to the length of the aircM‘;ift. 

The voltage of figiu'c 3(c) was induced in an uii t rait whose Jength f i.s 13 meters, 
for which the period T of one complete down-and-back eyele vvould bo 


T = 


2f 


2G m 


= a.G'r- io"*^ s 


'' m/.s 


and the freciucney f of >’op«‘aled cycles would he 


1 ■. ii.r)d mh;5 

T 


If a current of this frcfiucncy liad been in ,li airirann.', it could have induced a volt- 
age of the aame frcc|ui;nc-y in tlie aircraft's elcctiical cinuits. A I'rcijucncy of thir or- 
der is indeed evident in the ■ idueed voltage oscillugiani ol l'i};urc :>te». '!'he (luestion is. 
Do the.se o.seillalion.s actua i,' occui' in airerall .struck in flir.lil or arc' they eau.^e*! only 
by the 1/I'A test? The i Npl.uialion of figure 1 depends o)i an incciuality between the .surge 
impi’diinei’ of llu* lightning channel and that ol Ihi' iiii't' I’.ift . Iiewley (I’t'f. 5) define.s llie 
surge impedance a lightning .sttt)ke in l(.'rnis ol the railiu ■ i' f'l the lightning ehaniu*! 
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Qnd th© tsdius R of the cloctroststlc field due to the volume of the cloud thst psrtici^ 
pated In the discharge, as follows. 

Z = 60 (log^-l) 

V r V 

And Bewley calculates values of between 100 and 600 ohms for typical strokes. The 
surge Impedance of the aircraft is determined from its lengthwise distributed induc- 
tance L and capacitance to its surroundings C by the relation: 



A conductor as large as an aircraft would have a low inductance and relatively high 
capacitance. Assuming the inductance to be 0.1 microhenry per meter a nd the capaci- 
tance to be 50 picofarads per meter, then the surge impedance of the aircraft would be 


r 50x10" F/m 

which is considerably less than that of the lightning stroke. The reflection and refrac- 
tion coefficients defined by Bewley (ref. 6) for an airci’aft of this impedance are calcu- 
lated in figure 4, where the surge impedance of the lightning channel is taken for con- 
venience to be 450 ohms. These calculations show that the initial peak of traveling wave 
current in the airframe could be 1. 8 times the amplitude of the incident llghtoing cur- 
rait. A current of this magnitude and frequency might well induce the kind of voltage 
shown in figure 3(b). 

rhere could be no better way of confinnlng the e.xistence and severity of these volt- 
ages than by an in-flight data gathering program. Instrumentation technologj' has ad- 
vanced to the point where it should now be possible to develop small instniment pack- 
ages capable of measuring and recording the magnitudes and waveforms of actual light- 
ning currents and the voltages they induce in aircraft circuits. Such instruments might 
be installed in commercial transport aircraft and monitored for several years to obtain 
a good sampling of data on the real life environment they experience. 
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niKL SYSTKMS 

Stimulntcd in pnrl by ilu* lilltion affidtmt smd also by the SST development program, 
a large amount (A res<*areh \va:-’ etmdueted during the l9G0's to determine mechanisms 
by which lightning hIj iUcs might ignite flammable vapors in alrex’aft fuel tanks and to de- 
velop pi'otective measures. Mmphasls was placed on integx*al wing tanks and associated 
vent systems. 'J’hc research led to tlie development of methods to extinguish fires that 
originated at vent outlets or to prevent their ignition in the first place. Successful test 
technlciues have also been licveloped trefs. 7 and 8) to enable the definition of safe thick- 
ness for integral tmik skins of various metals, A large amount of data such as that 
shown in figure 5 is on hand relating skin materials and thicknesses to the li^tning en- 
vironment. These pixxtcctive measiu'cs and test techniques are in use today by the 
major aiiplane manufacturers and have contributed to greater flight safety. 

Since 1971, however, at least three accidents involving in-fli^t explosion of fuel 
tanks and suspected lightning strikes have occurred. These accidents ^ain bring up 
the issue of fuel system vulnerability. The earlier focal points of vent systems and skin 
punctures appear not to have been involved in these accidents (a USAF KC-135, a USAF 
F-4, and an Iranian Air Force B-747), yet there is evidence that lightning could have 
struck these aircraft at or about the time the explosions occurred. The exact mech- 
anism of fuel ignition has not been found in any of these cases. The accidents there- 
fore indicate a need for a reexamination of fuel system vulnerability to lightning. 
Whereas most earlier research dealt with ignition sources originating at the arc attach- 
ment point, less is known or documented about the effects of lightning current conduo- 
tion through typicjd, fuel tank structures and associated plumbing. Airworthiness Stan- 
dards such as the U.S. Federal Aviation Regulations Part 25 (ref. 9) pertaining to fuel 
systems specify that the ignition of fuel vapors by stroke attachment or steaming shall 
be prevented, but do not appear to place equal stress on the effects of current conduc- 
tion through the airframe. The lightning tests that are suggested in an associated 
document (ref. 10) relate primarily to proof against sparking from stroke attachment to 
access doors, filler caps, and the like. Tlic emphasis in existing military standards is 
the same (ref. 11) . 

With rcfei-cnee to figure 6, some aspects of fuel systems that might bear further 
examination are 

(1) Mechanical bonding - iloes the bonding together of Integral tank walls, ribs, 
spars, and skins provide adequate electric;rl bonding for lightning currents? Are there 
any conditions in present constructions that may result in an electrical spark? If not, 
how much margin of safely exists? 

(2) Fuel system lines imd fittings - How much lightning current may actually flow 
in the vent lines, fuel lines, hydraulic lines, etc. , present in typical fuel tanks? How 
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tioc.s the current get into and out of this pluntibing? (’mi sparks oeeur across Joints and 
couplings? To what extent, If any. do procedures to prevent excessive vibration of 
lines mid fittings (per FAR nt. 25, pur. 25. 99.3) degrade elect rie.al bonding among sec- 
tions of linos and between linos and structures? 

(^) Electrical sparits - If electric current is flowing from one meUillic element to 
another, what conditions of current amplitude, waveshape, contact resistance, relative 
motion, and corrosion must exist to cause a spark? Much is known about how much 
electrical energy must be !isch.^ i;;od through a spark to cause ignition, but this param- 
etei is hard to equate in terms of lightning current. How much electric cui*rent does it 
take to cause a spailc sufficient to ignite fuel? 

(‘^) Electrical ap paratus inside fuel tanks - Are fuel tank electrical parts, such as 
pump motors, valves, and fuel quiuitity probes, really as immune to sparking as their 
manufacturers say they are? Wliat about lightning- induced voltages brought to these 
items from electi’ical circuits that run outside of the fuel tanks, and which maj’ therev 
fore be outside of the fuel system designer’s control? 

(5) Fuel - The three airci*aft mentioned above carried JP-4 fuel which has a wider 
flammability envelope than the aviation kerosenes commonly used by I’.S. commercial 
airlines. How much safer is Jet A than JP-4 under the conditions in items (l) to (4) 
which may cause sparking? 

Design guidelines - ^^^lat, if any, new design guidelines should be followed to 
overcome the situations in items (1) to (4) w'hich may result in sparking? 

Answers to tliese questions could probably be obtained from a combination of basic 
research into sparking mechanisms of metals in various types of contact with one 
another and an extensive sei’ies of carefully instrumented laborotoiy tests of typical 
aircraft fuel tanks, including, especially, integral tanks in wings. Included in these 
tests would be full-sc.ale simulated lightning currents conducted througii the tanks with 
ignitable hydrocai’bon-air mi>rf' res inside. 


STRUCTUaEvS 


Ucc'cnt emphasis in lightning pix)tec-tion of st ructu res has been placed on the flber- 
gl.asti, boron, and graphite rei .Torced comjxjsites which arc beginning to replace con- 
veiitioiial aluminum in some a| lieations. Much is now known (refs. 12 to 14) about the 
electrical conduction propertit of these materials and the degree of damage that spe- 
cific amounts of lightning cunvats c>an cause. Protective coatings h.ive been developed 
to minimize Oils damage, and work is now undeiway to develop mechanical bonding and 
fasti'nlug techniques which c un safely conduct lightning currents without sparking or loss 


of strength, in some appilc-attons . such as engine fan bladc-s. wing leading edges, and 
fuselage skins, composites will not be exjx)sed to di vect lightning strike effects, but in 
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other cases these materials are being used whore lightning strikes frequently attach. 
Initial experience has been with fiberglass and, though protected in many cases by me- 
tallic diverter bars, fiber^ass wing tips, radomes, and fairings have been extensively 
damaged by lightning strikes as shown for example in figure 7. To date, none of this 
damage has caused a fatal accident, but there have been some close calls. The protec- 
tive devices designed for these structui'es have performed well under laboratory tests, 
but their peiformance on an aircraft in flight has not been as good. 

There appear to be several reasons for this poor performance. (See fig. 8.) One 
is the presmice of anti— erosion paints which are often applied over a protective diverter 
on the real aircraft. Another is the way the nonmetallic part is attached to metallic 
substructural elements, which are outside the control of the protection designer. Still 
another is the continued use of the same type of electrical wiring inside the nonmetallic 
structure as was used satisfactorily within the metallic structure it replaced, and yet 
another - and possibly the most important reason - is a lack of knowledge of the basic 
relation between the lightning flash and the aircraft during the formative stages of the 
stidke. This deficiency has limited our ability to simulate the real world in the labora- 
tory and properly test protective diverters. 

Improvements in understanding this situation can probably be obtained by in-flight 
evaluations of the performance of protective devices against laboratory predictions, and 
by use of more thorough instrumentation in the laboratory to obtain a better understand- 
ing of dielectric breakdown processes in typical aircraft structures. 

In addition to the direct effects considered above, the potential impact on electrical 
and electrwiic systems of replacement of the aluminum skin with a composite skin re- 
mains to be learned. Whereas aluminum skins provide sufficient shielding of many of 
today’s aircraft electronic systems, the absence of this property in a c^omposite skin 
(fig. 9), will expose internal wiring to much more intense electromagnetic fields and 
require marked changes in electrical system design. 


EDUCATK)N AND STANDARDIZATION 


Since lightning may have some affect on nearly every system In an aircraft, suc- 
cesful protection depends on many designers being aware of potential lightning prob- 
lems. To improve this awareness, some educational materials are available which are 
worthy of note. 


Educational Eilms 


'Fhe U.S, Navy Air Systems Command has prepared four etiucational films (ref. l-l) 
on the protection of aircraft against lightning. These are available from the Nav>' for 


345 


loan to anyone desiring to introduce the subject to aircraft designers or operators. 

In response to inquiries for more detailed information on protection of fuel and 
electrical systems, the Navy is preparing two more films, which treat these subjects 
in greater detail. 


Lightning and Static Electricity Conferences 

The Society of Automotive Engineers (SAE) Committee AE-4 on Electromagnetic 
Compatibility together with (at various times) the U.S. Air Force, U.S. Navy, Royal 
Aeronautical Society, and Institution of Electrical Engineers has conducted international 
conferences on lightning and static electricity as applied to aircraft. These conferences 
have provided a foinim for researchers to review advancements in the state of the art 
every 2 years since 1968. Proceedings of each conference have been published (refs. 

16 to 19) . 


Aircraft Li^tning Protection Handbook 

The Aerospace Safety Research and Data Institute of NASA Lewis Research Center 
has sponsored a handbook on Lightning Protection of Aircraft by Fisher and Plumer of 
General Electi’ic, in which the I’esults of many research programs are digested and pre- 
sented in a manner useful to aircraft designers and operators. This book Is to be pul>» 
lished as a NASA Special Publication in 1976. 

Test Standards 

Lightning protection has suffered in the past from a lack of lightning qualification 
test standards which reflect the state of the ai't. Those that do exist (e.g. , refs. 10 
and 11) apply onl.\ to a few systems or components or are impossible to perform as 
written and tlierefore arc subject to individual liiterpx'etations ard deviations. Accord- 
ingly, a subcommittee composed of cxpoi*ts in lightning laboratories, industry, tmd go\'- 
emment has been formed under SAE Committee AE-4 to draft lightning test wavefonns 
and techniques that would form the basis of new or updated government specifications. 
This commlftee has comph'ted its work on this task with the publication of a report de- 
fining lightning test waveforms jmd techniques for aerospace vehicles :uul hardwaro 
(ref. 20). The Committee is now embarked on im additional task of recommending tran- 
sient lest levels for aerospace electronics equipment. 
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('ONCU'I)INC; HKMARKS 


()nc‘ of the keyH lo miswtM-tng the liglitning effects (luestions raised in the preceding 
paragraphs is a more thoi'ough untie I’standing of the interaction betwetrn the lightning 
flash and the aircnift hi flight. The instrument tlevclopment work tmd in-flight mea- 


surement program needed for this will retjuirc the efforts of several researchers, de- 
signers, and operators of aircraft and will take a number of yetirs to accomplish. 

In the metmtime, it is ini{)ortant that details of lightnhig strike incidents to aircraft 
flying today are recorded by the operators and made available to researchers, espec- 
ially when there is interference or the malfunction of electronic cf|uipmont aboard the 
aircraft. For example, if £Ui instrument is believed to be damaged by a strike, a de- 
scription of any parts burned out and replaced by the repair shop would enable research- 
ex’s to get some idea of the magnitude of the induced voltage sui'ge involved and the loca- 
tion of the airci aft wiring in which it oi’iginated. Methods to provide protection against 


incidents could also be developed fi’om these data. Admittedly', it is difficult 
to track component failure infoianation in the midst of the othei' rccjuii'C'ments imposed 
on opei’ations pei'somxel, yet these data ai'e available now iuid would be extx’emcly 
valuable in achieving a bettei' undei’standing of the indirect effects pi’oblem and design- 


ing protection for future aii'craft. 
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TABLfc: I. - KXAMPLKHOF INBIHKCT KPH-nS IN 
a»MMKItnAP TItANSPOHT AIlU ltAKT 


(2H lightning fltrlku report«. J 


System 

Interference 

t mtage 

HF Comm 

— 

5 

VHF Comm 

27 

:t 

VOK receiver 

5 

2 

Compass (all types) 

22 

y 

Matter beacon 

— 

2 

Weather radar 

:i 

2 

lUS 

fj 

— 

ADF 

6 

7 

Radar altimeter 

G 

— 

Fuel floH* gage 

2 

— 

Fuel quantity gage 

— 

1 

Engine rpm gages 

-•* 

•i 

Engine EGT gages 

-- 

2 

Static air temperature gage 

1 


Windshield heater 

— 

2 

Flight director computer 

1 

— 

NaWgatlon light 

•*- 

i 

AC generator trlpoff 

<0 Instances trlpoff) 

Autopilot 

1 L_ 

L_i*J 
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Figure 1.- Induced voltage mechanisms. 
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Figure 4.- Traveling wave reflected in aircraft. 
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Figure 5.- Lightning charge req>iitcd te puncture fuel 
tank skina of varioua tliicknesa (lro;n rel. K). 
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Figure 3.- Problems in protection of composite structures. 
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Figure 9.- Magnetic sbiehUnj’ property of composites. 
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